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\
INTRODUCTION

With the assistance and cooperation of the National Advisory Committee for Aeronautics
the Bureau of Standards has been enga@ for the past year in an investigation of turbulence
in wind tunneIs, especially in so far as turbulence ailects the results of measurements in dHer-
ent wind tunnels. At the beginning of the year the research -was outlined in some detaiI by
the members of the technical staff of the committee, and so far as has been practicable this
outline has been followed. The follo~~ pages constitute a report to the committee on the
results obtained.

The in-instigation was planned along two lines, the problem of turbulence being attacked
in t-wo directions. In the first place the ultimate effect bf turbulence, in which we are inter-

, ested in practice, is its effect on the measured force on objects subjected to test. (Main
types of bodies have been found to be very sensiti~e to changes of turbulence and have been
suggested as indicators of the degree of turbulence present. Spheres and cylinders are the
bodies most frequent~y suggested. Spheres having been already studied at Langley FieId and
elsewhere, cylinders were proposed as the indicating bodies in the present iwmstigation. The
behavior of eight cyLindersranging in diameter. from 0.00S5 inch to 3 inches has been studied
for four turbulence conditions, and the 3-inch cylinder has been studied for a variety of other
conditions. & a result of these experiments it has been shown that Iarge effects are produced
near the criticaI region of the Reynolds Number when the air passing near the surface of the
cylind~ is subjected to disturbance.

From a more fundamental point of view we can ne~er be satisfied until we know more
deiin.itely the nature of turbulence; in other words, its cause and the exact reamer in which “
it. manifests itself as changes in the air speed, direction, and pressure. We can, as a result of
our work aIong this lime,report progress and point out the nature of the difficulties encountered.
‘We believe that we have reliable methods of measuring changes in static pressure, and we have
obtained one positive result-,namely, that although as shown by measurements with a Taylor
yaw-head there seems to be no twist of the air stream produced by the propeller, there is a
detike pattern of pressure changes produced by the blades of the propeIIer and following it in
its revolution. The changes in static pressure are of the order of 2 or 3 per cent of the velocity
pressure. T’i5thimpact tubes vie ha-re so far not been able to eliminate ~ariatiom character-
istic of the measuring instrument, and on this account the more diflicult problem of studying
changes of direction by means of a recording yaw meter has not been attacked.

This in brief is a summary of the lines along which we ha-re been working. The following
sections describe in detail the more important. results obtained.
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PART I

FORCE MEASUREMENTS ON CYLINDERS .

WIND TUNNEL

The measurements of the resistance of cylinders were carried out-iII the 54-inch wind tunnel
of the Bureau of Standards. This tunnel is of the room return t~e and consists of a faired
entrance 4.3 feet long, a straight section 25.3 feet long, and an exit cons 15.1 feet-long, The
straight section is of octagonal cross section, the distance between opposite faces being 54 .
inches. The diameter at the exit end is 9 feet. (hdmneycornbs are installed within the tun-
nel, one at each end of the straight section. The front honeycomb is of hexagonal cells, 3,25
inches between opposite faces and 18 inches long. The metal of which the honeycomb is made
is 0.03 inch thick. The, rear honeycomb is made by piling 12-inch sections of 3-inch sheet-
metal tubing against a grid of retakigg wires. The_qe@megtd station at which the cylin-
ders were placed is 9.6 feet downstream from the front honeycomb.

—

The room in which the tunnel is centrally located is 68,5 feet long, 28.3 feet wide, 18 feet
high. One room honeycomb made up of l-inch mailing tubes, 4 inches long, piled between
retaining screens, is installed in the plane of the propeller. 1

SPEED MEASUREMENT

Air speeds are ordinarily measured by means of a static plate 4.5 feet upstream from the
experimental station, standardized in terms of the readings of a Pitot tube plawd at the posi-
tion to be occupied by the model. When screens tie used close to the experimental station,
it is usually difhdt to obtain a satisfactory calibration because of the nonuniform distribution
of velocity across the tunnel. We feel that it is better to measure the average speed ahead of
the screen at a place where the speed is nearly constant over the crow section, Since the
average speed at all sections of the, tunnel must be approximately the same, this procedure
gives a closo approximation to the average speed at-the cylinder. There is one source of error,
namely, tho possibility that the distribution near the waH may be greatly modified, so that
although the average speed over the entire cross section. remains constant tie average speed
over the central part of the tunnel may be changed. The resUltsseem to indicate that this
dfect is not present to any appreciable intent.

Our standard for speed measurement in the m~&ments here reported was a Pitot-tube
mounted on wires 2 feetahead of the screen, where screens are used, and midway between the
axis of the tunnel and the wall. In measurements with no screens prwent the tube was placed
2 feei 8 imhea ahead of the balance axis. Speeds ranged from 20 to 80 feet per second and
occasionally to 100 feet per second when the steadiness of the balance permitted, ,

CYLINDERS

Eight cyhnders were used, ranging in diameter from 0.0085 inch to 3 inches. The exact
diameters were as follows: 0.0085 inch, 0.063 inch, 0.156 inch, 0.250 inch, 0,500 inch, 0.983
inch, 2.001 inches, and 3.149 inches, The smallest cylinder was a piece of ordinary steel wire;
the next four were drilI rods, and the last three were pieces of brass tubing. On the curve
sheets the cylindem are designated by their approx-~ate diameters 0.0085 inch, & inch, &
inch, % inch, ~ inch, 1 inch, 2 inches, 3 inches. The length actually subject to the force of
the air stream was about, 30 im,hes, but the conditions approximated those of two-dimensional
flow as explained in the section on baIancs.

SCREENS

-.

TWOscreens were used as sources of artificial turbulence, one a screen of &-inch mesh,
the individual wires being 0.011 inch in diameter, the other a screen of fi-inch mesh, the individ-
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ual wires being 0.047 inch in diameter. The ~-inch mesh screen was formed of wires soldered
together and the junction points were somewhat enkrged. The screens were used at two
distances, namely, 36 inches and 8 inches from the balance asis.

ARRANGEMENTFOR MEASURING FORCES

The sketch in Fi=mre 1 shows the two methods used for force measurements. In both
methods the supports for the wires or cylinders were inclosed within wind shields (see fig. I),
the wind shields be~m long enough to extend outside the region of reduced speed near the walls.
This method of approximating two dimensional flow -wasused in preference to guards in order
that similar methods might be used for all cylindem. Measurements on the l-inch cylinder
mounted in a horizontal position with end guards checked the measurements on the set-up
finally adopted within 2 per cent.

In the case of the two smallest cylinders (@s. 1A and lB) the air force was determined by
measuring the deflection. The wires were kept under a known tension by ineans of a weight
applied at. the lower end, and end constraints were eliminated by the use of short sections of
fine wire at the top support and over a pulley at the bottom. The drag equals eight times the
product of tasion by deflection at the center, divided by the length if the deflection is smalI.~

.
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The larger c~hders were supported fmm the tunnel mof on tlro pivot bearings (*. IC) in
such a manner aS to be free to ~~ate about the he of the pivo~ b a plane parallel to the wind
direction. The lower end W= attached tO & top of the N. p. L. type balance by a similar
connection. Only a part of the force act~ on the cybd~ k communicated to the balance..
Direct calibratio~ by 10~& ~Pp~ed hor~on~~y at the c~t~~ of the cylinders gave values
of the ratio of b~a~e ~a~ng to appfied load &ec~g the computed Value 0.1S8 within 1
per cent. It was found possible to adjust the s~ititity of the N. 1?.L. type balance to ~ah.ws
satisfactory for the &C large cy~dem, ~though the forces ~afied from about 0.03 pound tu
over 5 pounds..
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RESULTS OF TESTS

The results are expressed in the form of nondimensional coefficients plotted against the
common logarithm of the Reynolds Number. The wklicient i8 defined by the relation D = GXq,

\

D being the drag on the cylinder, S the product of cylinder diameter by the length exposed to
the wind stream, q the velocity pressure ~P V and C the coefficient. The Reynolds Number

‘p here V is the wind speed, Z the cjdinder diameter, p the density of the air,is ddned aa yw

and p the visc&ity of the air.
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The curves shown in Figures 4, 5, 6, and 7 are each computed from average curv~ repre-
senting the force measurements plotted against wind speed. A typical curve of this typo is
shown in Figure 2. Each individual observation has been represented by plotting the ccwfllcicnt
against the Reynoldp Number in Figure 8. It will be noticed that individual observations
depart from the mean curve by a maximum of 3 per cent. This is true for all cylinders,
and the example shown is typical, Results for speeds below 40 feet per second are less
accurate than those for speeds above 40 feet per second and are indicated by dotted curves.
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The am.rage results for the open tunnel are shown in Figure 4, the curve given by
Wieselsberger (Reference 1) being inserted for cornp~rison. A smooth curve could bo Jrnwn
through our rwults for the 0.0085-inch, +inch, &inch, and ~-inch cylinders, lying about
7 per cent-h+gher than Wks.elsbcrger’s curve. We sl@ discuss the reason for thii under dis-
cussion of the results. The larger cylinders show valuw falling more find more below this
curve, the results being analogous to those ,ohtaine~ previously by one of the authors (Ref-
erence 2). It is Mieved that this is in some way an effect of the tunnel walls. Passing by
further discussion for the present, these results are the standards of comparison to be used in .
discussing the effects of the artificial turbulence produced by the screens.

Figure 5 shows the results with !he +inch mesh screen 3 feet ahead of the baltincc mis.
The curves are essentially identical with those for tue open-”tunnel~differing from th~m by
more than 3 per cent at only a few places. The downward trend present in the curve for the
3-inch cylinder in the open tunnel is absent with the screen, but it is doubtful whether this
slight change is of any great significance,

When the +-inch mesh screen is moved closer to the balance “axis the results in @ure 6
are obtained. The 0.0085-inch, 2-inch, and 3-inch cylinders are unaffected. The values for
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the other cylinders are higher by about 6 per cent for the +-inch and l-inch cylinders, 8 per
centflor the ~-inch cylinder, 14 per cent for the ~-inch cylinder, and 20 per cent for the +inch
cylinder. We have no explanation for this effect at present.

The results for the ~-inch mesh screen 8 inches ahead. of the balance axis are shown in
Figure 7. The ~-inch and l-inch cylinders show little effect, the ~-inch is very high, the
&-inch shows little effect, the +-inch is high, and the 0.00S5-inch is low. We believe the erratic
nature of the results for the small cylinders to be clue to the accidental location of the cylinder
with reference to the individual wires of the screen, w~hichare 0.047 inch in diameter. &ftirkixi

.-

shieIding effects probably occur at the distance of 8 ,inches.
.-

The 2-inch and 3-inch cylinders show coefficients rapidly decreasing as the Reynolds ““
Number increasesiiltidicating that the critical region found by WleseIsberger at Q mdue of

17P f approximately 4.7.‘qp f approximatdy 5.5“hasbeen shifted to a ~alue of logl~ ~ olog*(l~ o

A“number of experiments were made on the 3-inch cylinder to study the effects of component
parts of the screen and of single wires. These results are shown in Figures 8 to 12. Figure 8
shows the effects of a single vertical wire with short sections of the cross members cut from the
~-inch screen, and of a series of horizontal wires. The curves indicate that the largest ptirt
of the effect of the screen may be produced by a single ~ertical wire.
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As a result of this observation a fairly complete study vma made of the eflects of single
wires in various positions. Fiie 9 shows the effect of =wmyingthe wire diameter, hirge diametm
wires produoing the largest cdleot. & low Reyuokls hTumbers,
however, the wire increases the resistante. Figure 10 shows
the r~dts of a traverse along a line perpendicular to the plane
of cylinder axis and wind direction. The efkct practically &s-
appears when the wire is me-red one-half inch from a position
directly ahead. Figure 11 shows the results of a Iongitudiqal
trarerse. ~The eflect is greatest at distances of 8 to 14 inches
from the cylinder axis. The decreasing effeot at smaller dis-
tances is presumably due to the decrease in the intensity of the
disturbance in the region of reduced speed near the cylinder.
The group of curves indicates that the critical region is shifted
when the air passing close to the surface of the cylinder is
affected, and if there is no diatubance of this air the effects
are small:

Figwe 12 shows that similar results are obtained when
the botidary la-yer is disturbed by wmdI projections on the
surface of the cylinder and that effects may be produced at
distances much greater than 8 inches by ir&ea&g the intensity of the disturbance, as, for
emunple, by allowing small tags to flutter in the wind stream.
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We have calIed attention to the fact that our results for the smaller cyIinders are about
7 per cent higher than those of lVieselsbwger. The r~ults of Relf (Reference 3) are in general
about 3 per cent higher than those of ‘iVieselaberger. We believe that the dillerences are due to
the differences in the methods used to obtain two-&memional flow. In ReIf’s experiments a cor-
rection was made for the E&cotof the ends of the wk by taking the messur~ force ss aPP~@g
to a wire four diameters shorter than the actuaI wire tested. For the smallest wires a number
of wires were mounted in a rectangular frame, in which case a fairly large correction vms necee-
sary for the resistante of the frame, and its effect in modifying the flow is unknown. In Wies~ls-
berger’s experiments cylinders less than 0.3-inch in diametw were hung on a long tie from the
ceiIing of the experimmtal chamber ~~d stretched across the air stream, being kept in tension
by a weight below. The resistance was computd from the deflection of the system as a pen-
dulum. The length exposed to the stream was somewhat indefinite because of the -ieboity

iIntheOottingen tnnnd the efr stream Senot Inclceed at the esper!mentel chamkr.
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changw near the boundary of the stream. In our own im-perimentswe have shielded the
cylinders in the region of decreased veIocity near the wall, but there remains the possibility
of disturbances due to the wind shields. The r=istance of small wires under conditions of
two-dimensional flow is therefore uncertain by about +3 per cent.

If the models and their mountings were geometricalIysimilar and if there were no effect of the
tunnel walls, the values for all the cylindem would be expected to lie on a smooth curve. In the
case of the larger cylinders the departures from such a smooth curve are very marked. It is quite
possible that the departure is due to ameffect of the walls of the tunnel, since the l-inch cylinder,
for example, blocks off about 2 per cent of the tunnel area, but it is dif6cult to under@and why
some such tiect in the opposite direction was not found in Wieselsberger’s experiments in an
open-air stream, for he found the law of similarity to hold even when the cylinder occupied as
much as 15 per cent of the area of the wind stream. ~elf also obtained consistent results when
the cylinder diameter was about 3 percent of the hmgth of the side of his square tunnel, although

.L

the ratio of the area occupied by-the cylinder to the area of the wind stream was much less
because a short cylinder was used.



PART II

MIMSUREMEW OF EDDY IIREQUIINCY BEHIND CYLHDERS

It was shown by Karman (Reference 4) that vortices break off fairly regularly behind a
circular cylinder in the range of Reynolds Numbers here studied, and the frequency with which
they break off has recently been measured by Relf and Simmons (Reference 5). In order to
measure tie frequency in their experiments, a dort platinum wire heated to redness was mounted

A.~E verfatfon due te eddfee h&d 8 lsfnch cylfr.rder,no smen Afr upred, W5 ft.fsm Tfme between breaks, OOZWeeeonds.
)?requucy, 473per remnd. ~ xO.19

~ E-E.CQ3

B. Pres&.t&&n~ to eddu?s beldnd 8.15-Inchcyllnder, %fnch rarsh wreen 8 inches alwd. Afr SPA, i32 ft&c TImt Mern

Frequency, ‘37.s per ~ + - o~

Logu E-511

m~.1.3

behind the cylinder and the heating circuit coupled by means of a transformer to a circuit
in which a string galvanometerswas placed. The galvanometerswas tuned to resonance with the
oscillations of the heating current produced by the velocity oha~es new the hot wire. The
galvanometers was then connected to a single-
phase alternator and the speed of rotation of
the alternator varied until resonance was again
obtained. !I!he alternator speed gave the eddy
frequency directly. The most striking feature
of their results was the occurrence of a rapid rise
in frequency as the critical region of ReynoIds
Number (where the resistance coefficient falls
very rapidly) was reached.

We made a few measurements of eddy fre-
quency to check the occurrence of this rise in
frequency when the critical region is artiiicia.lly
displaced, and, as would be expected, found the

Lagm ~

FIa. M.-Freq~cy of eddfer bebfnd cfrcukr cyfindem
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riseto talce place. The esq&irnen~al arrangement was quite simple. A standard Pitot
I

tube was placed about one diameter behind the cylinder and slightly inside the shadow of the
.

cylinder. The static openings of the;Pltot~were connected to the diaphragm pressure gauge
.

described in Part III of this report@d the pressure variations observed photographicaUy.
.

Typical records are shown in Figge 13 A and B, the upper record under conditions of flow
-—

corresponding to Reynolds numbers below the critical regionl the lower under conditions of flow
473
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corresponding to Reynolds Numbers abpve the critical region, obtained by the use of the fi-inch-
mesh screen 8 inches ahead. The photographic records show that the eddies come off periodi-
cally for short-time intervals, but disturbances in the regular course are quite marked, especially
when the flow is critical Figure 14 shows a comparison of our results~~iththose obtained by
Relf and Simmons. The points marked as Feing below the critical region were obttiincd in
the tunnel with the usual honeycombs; those marked as in the criticnl region, behind the
%-inch-mesh screen 8 inches ahead. The presence of this screen induces the critical flow
at a Reynolds Number lower than normal

.



PART III

MEASUREMENT OF PRESSURE VARIATIONS

INTRODUCTION ,

The departures of the air streams of our wind tunnels from the ideal condition of steady
and uniform flow, which we group under the name of turbtience, are resolvable ultimat eIy in .-

tems of -radiationsof speed, direction, and static pressure. TIM direct measurement.of turbu-
lence requires the measurement of these variations, a task to which some attention has been —

gi-ren. All of the measurements reduce ultimately to measurements of pressure variations, so ..-——---

that a cIesirable instrument is a sensitive high-frequency pressure gauge.
—---

The frequencies with which we are concerned are high compared with the frequency of the ——

balance used for force measurements; in other words, of the order of 10 per second and higher.
An upper Limit is rather hard to fix, but we hwre attempted to study the range from about 5
per second to 100 per second.

DESCRITTIONOF GAUGE

The fluctuation is rather small, amounting to 1sss than 5 per cent of the velocity
pressure; in other words, to less than one-
eighth of an inch of water at an air speed
of 100 feet per second. The gauge must
therefore be rather sensitive, and we have
used a diaphrafyn of rolled aluminum
0.001 inch in thickn= and 4 inches in
diameter. The motion of the diaphragm
is magnified by the arrangement shown
in Figure 15. A ribbon attached to the
center of the diaphra=m passes ov-er a
shaft and is kept taut by a spring. The
shaft carrk a mirror whose motion may
be recorded photographically. The necw-
sity for sensitivenesii, leading to a sys-
tem of low stiffness, reduces the natural
frequency of the system, but there is no
difficulty in obtaining a natural frequency
urement. \

*essure gaqe w! &?fl
m. 15

of about 500 per second as shown by actual mem- .-

CHARACTERISTICSOF GAUGESYSTEM

However, to measure the pressure at the static opening of a Pitot tube, the gauge is rteces-
sariIy placed some distance away, and a connection must be made by rubber tubing. It -was
found -iery early in our work that when ~-inch tubing was used no disturbance of high frequency
was transmitted through the tubing. We were thus led to the use of ~-inch tubing and in
some special experiments to connections of diameter as large as 1% inches. Mt-er many records
had been taken in the 54-inch tunnel the equipment was moved to the 10-foot outdoor tunnel
and a number of records taken there. The records were so similar in character as to indicate
that they were due to the measuring instrument rather than to the tunnel, and further experi-
ment showed that the characte; of the record depended primariIy on the length and diameter
of tubing connecting the tube to the gauge.

We had, in some preliminary work, tested the system for resommce by connecting the
gauge to a chamber in which a piston was me-red back and fo~h and noting the ampIitude
shown by the gauge. Further investigation showed that this procedure gave misleading
results because of the modification of the end of the air ccdumn at the pump. (Fig. 16.) More
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reliable results were obtained by inducing the vibration through a T connection, the gauge
being connected to the leg of the T, and the pump to one of the arms, the other mm being
left open.

By this method the curve shown in figure 17 was obtained, With 39.4 inches of ~-inch

ntubing the natural frequency of the air column .“
b is 20 per second. It will be seen that the fre-

Presswe
goge quency varies with the length according to the

law

( \

c <II
11
–—=0.000064Lna nO=

Where n.= 84.6, n being the frequency and L
the length. As nearly as can be judged by

V3Abfe
speed ear nOis of the order of magnitude of the fre-
mofor quency of the gauge box as a resonator. Our

\
00Ss,
fee

gauge system forms a type of resonator whose
frequency depends on the conductance of the
outlet. (Reference 6), and the conductance in

Fm. 16.-ApDeratm for meawrement of rmonmca frequenoks turn is approximately proportional to the re-
ciprocal of the length of the attached tubing, when the length is large in comparison with the
diameter of the tubing.*

Unfortunately this range of frequency is exactly the range in which we are interested, for
the frequency with which a propeller blade passes a fixed point lies within this range for all
air speeds. The gauge system, therefore, as a whole is not very suitable for the investigation
of disturbances in this frequency range.

S@nUS of this type h&e been instigated in
some detail by L. F. Simmons and F. C. Johansen”- .32 Q .007
at the National Physical Laboratory (Reference
7). A similar variation of resonance frequency
with length of tubing was found. 28 \ am

WALLCEL~ /
l/n~ ‘

~
Having no success in getting g system of satis- 2 /, /

.005

factory sensitiveness and high natural frequency ~ /

we then constructed a gauge suitable for raeasur- 8 Z*
ing static pressure at the wall of the wind t~el ~ .W4

directly. This consisted (fig. 15) of a diaphragm ~ ‘K\
/ K.

*
placed flush with the tunnel wall, the clamping 6
ring being let inta the wall so that there were no 1

.ou.3

projections to disturb the flow. The mirror sys-
/ { \

t
tern was arranged as in the other gauge and the 12. A
diaphragm left without air chambers on either

.ml?

side. We have every reason h believe that this
wall cell, as we have called it, gives an accurate ;8 -.ml
reproduction of the changes in static pressure at /7
the wall of the tunnel. Figures 18 A, B, and” C -
show records obtained with this cel.L The ampli- ~.“ ~@~80.0ao
tude shown represents about 2 to 3 per cent of
the velocity presmre. The frequencies are as
indicated.

The records shown were obtained by reflecting a beam of light from the mirror of the gauge
through a lens to a camera. Motion-picture b was-us&dand was moved past the open shutter
at a suitable rate. The beam of light was cut off periodically by a sector on the shaft of a motor
and the speed of this timing motor observed by a direct connected tachometer.

Length of alr column, tnches..

Fxo. 17.–Remnnnca trauancim of WLWOand attachad tubing
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STATIC PLATE RECORDS

The second trace on the records show in figure “18 was made by a system consisting of
the gauge &t described connected to a static plate mounted just below the wall cell.
A comparison of the records shows the behavior of the gauge systam. The predominant
frequency observed is that at -which a propeller blade passes a bed point. The four-blade
propeller, which draws air through the tunnel, exerts the greatest pull just behind the blades, and
each time a blade passes there is an impu?e given to the air behind it. These are the impulses
recorded. These pressure variations set up forced osdlations in the gauge system, and the

A. (km~kmr of wall cell (fnfnterrecord) and WCJ.YpIate. Afr SPA, 40 f
amrevolutkm9 per rnfmxe. FreqnencY of Made Impuk3, 20 per *&’$&-ZoY*~;te%%dhY$Zti
treunency, 26.Spersecond

B Com’pe&rm ofwelf cell (falnkr rwordl and wall late. Alr speed, 53.3 [t&c. TIrne break% O.LMSIC a
k40ilrevdutfens per mfnute. FLHInencY of blade Pukw, !26.6persecond. Lezwth of * COhIMIIMI wJ%,%W%%%%%

frequency, 263 per sscond

C. Compdson of wrdl ed.1 (fdnkr record) rind wall Me. Air qxe& 60 R&e. Time breaks, O.COse=?.a t. Wfnd tunnel motor
L480revolutions per ndnute. Frequency ol blade -30 K second. Length of ak cokmm on WI&bit. lfI.a bmhes; natmai

frequency, 28S per second.

Note the rektfve Phase change on ptzsshw through rasonance frequency.

FM. IS .

well-known behavior of such a sptem near its naturtd frequency is shown. The gauge system
is only one-third as sensitive as the vral.I-ce.Usystem, because of differences in path of the Iight
beams and the presence of an additional reflection in the path of the vd-cell beam, yet the
gauge system shows as large an amplitude on the record as the wall cell. Furthermore, when
the impressed frequency is lower than the natural frequency of the gauge system the oscilla-
tions are in phase; when equal to the natu.rd frequency the records difter in phase by one-quarter
period, and when above the natund frequency they are in opposite phase. (Reference 8.) We
may remark parenthetically that the small amplitude of the pmsure variations produced by
eddies, shown on the record in Figure 13, is due to the fact that the eddy frequency is near 100
as compared tith a natural frequenoy of the gauge system of about 10.

PITOT TUBE RECORDS

When attempts were made to use Pitot tubes placed in the sir stream, especia~y when
impact openings were used, a more serious diiliculty arose. This was the vibration of the air
cohunn with its own natural frequency, induced by the air flow around the tube. When the
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static of the standard Pitot tube is used, the effects we~~not evident, but as shown in figure 19
A and B nothing of high frequency was transmitted. ,The damping was large, and the natural “ “““
frequency very low. When a larger Pitot tube w.~ used with $&inch connections, wo found at
low-and moderate speeda the blade impulses commg through, accompanied by an oscillation of

.- -.

frequency near 11 per second. At high speeds this low frequency alone (fig. 19 D) was recorded .
with very large amplitude. This frequency is lower than that shown by &gure 17, probubly
because of the additional resistance of the small stat~ openings of the tubw We havo not as

A. Comperfson of .statio of standard F’itot tube and wall call; 43.3 !nchas of .Inch tubln& 00 ft@sc, Time brsaks, 0,034SM. a
3Wind tunnel motor, 45orovefutione pes rrdrruts. Frequenoy of b e Irqxdses, 30 gwrward. Compare with Fig. 1F’

B. ComperIaon of statfu ofstarrdard PM tube and wall OSH;49,8bdsos of M-lncb tubi~ MlftJasc.. Tfme brsn,ks, O.fKIsee. apart. Wlrsd
tunnel motor, 4PSrevolutions per minute. Frequency of blade fmpulsos, 33 par semnd

C. Cronparhmr of static of large Pltot tube and waS caIi; 4S.3 Inobm of %-inch tub ; M ft./see. Time breaks 0.(S w..?.apart.
%Wind tunnel mow, 4P6revolutions par mfnute.. l?raQusncy of b e imprd~ w psrsecond

D. Com~lsorr of static of large Pkot tube and wall cdl; 43.8Inohfa of ~-inch tub y w ftdaw. Time braak~ 0.09sec. npart.
Wind tunnelmotor, 096revolution per mfnnb. Frequency of kh imp~ 45.3per second

no. 19

yet been able to eliminate this oscillation, which entirely masks any pressure variation in tho
tunnel air stream.

This action is very pronounced even at low speeds when the damping is made smnll by using
an impact opening. There seems to be a valvelike ~ction of the gauge system, an impulse
causing air to flow in; the impulse is trumittod to_the gauge, rellectecl, and causes nir to
flow out, Owing to inertia there is an overshooting and th6_oscwation””builds“up”and main-
tains itself.

A careful measurement of the wall cell record shows that there is an oscillation of small
amplitude of a frequency of this order of magnitude, but we do not know its source.

-.
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SUMMARY

Two methods of making studies of turbulence me described in this report, together with
the results of their use in the 54-inch tid tunnel of the Bureau of Standards. The tit
method consists in measuring the drag of circular cylinders; the second, in measuring the st at ic
pressure at some fixed point. Both methods show that the flow is not entirely free from
irregularities.

We have shown that- the main fluctuations of static pressure in our W-inch wind tunnel are
associated with the unequal driving force omr the tunnel mouth. There is a pattern of static
pressure changes accompanying the propeller in its revolution. We ha~e pointed out the
difficulties encountered in attempting to make measurements by means of a Pitot tube con-
nected to a sensitive gauge.
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